Abstract. The Gürkuyu Sb mineralization is located in the western part of Anatolian tectonic belt, in southern part of İzmir-Ankara zone and in northern part of Menderes Massif. The mineralization located at west of the Koca hill in east of Gürkuyu village of Gediz (Kütahya-Turkey) has been characterized through the detailed examinations involving sulfur and oxygen isotope. Serpentinites of Dağardı melange and crystallized limestones of Budağan limestone were hydrothermally altered by hydrothermal solutions, come from fissures and fractures due to tectonic movement during the thrust of melange and occurred silicified zone. Gürkuyu Sb mineralization suggest that occurred in this silicified zone. In Gürkuyu mineralization, primary ore minerals are antimonite and pyrite, secondary ore minerals are senarmontite, valentinite, orpiment and realgar. Quartz and calcite are the most common gangue minerals. In mineralization, average contents of Fe2O3, Sb, Hg, As and Au are 2.15 wt.%, 13359 pm, 1.12 ppm, 1367 ppm and 163.82 ppb, respectively. In Gürkuyu Sb mineralization, δ 34 S values of stibnite are ranged from 1.0 ‰ to 1.3 ‰. δ
INTRODUCTION
Western Anatolia is known as an economically important metallogenic province in the AlpineHimalayan Belt. The Tethyan Eurasian Metallogenic Belt (TEMB; [1] ) extending from Western Europe through Anatolia to Iran is one of the world's major metal producing belts hosting many volcanogenic massive sulfide, porphyry-type (copper-gold and copper-molybdenum), low-and high-sulfidation epithermal (gold and gold-silver), mesothermal (lead, zinc, copper), and skarn (iron-copper, lead-S162 zinc)-type deposits. The TEMB formed because of the convergence and collision of the Indian, Arabian and African tectonic plates with the Eurasian tectonic plate [2] . Mineral deposits in the northwestern Turkey show similarities, in many ways, with the characteristics of mineral deposits found throughout the TEMB. The mineralization events in western Anatolia have temporal and spatial association with episodic magmatism since the Middle Eocene to Late Miocene-Pliocene [3] .
The field observations supported by geochronological and geochemical data [4] on magmatic events suggested that Aegean subduction is accompanied by a lithospheric extension, exhumation, corecomplex development, subduction and extension-related magmatism and large-scale, probably gravitational gliding of the Lycian Nappes system approximately between 24 -23 Ma to PlioQuaternary [4] [5] [6] [7] [8] .
Recent work on the tectonic setting and geochronology of magmatic and hydrothermal events within western Anatolia suggested that the mineralization has been an integral part of the closure of the NeoTethys since the Late Cretaceous [3, 9, 10] and is related to (1) the northward subduction and closure of the marginal Vardar-Izmir-Ankara ocean that was followed by Early-Middle Eocene post collisional magmatism to the north and south of the Izmir-Ankara-Erzincan suture zone (IAESZ), and (2) subduction of the remnant of the NeoTethys oceanic plate along Aegean-Cyprean Arc [3] . The closure of the NeoTethys was followed by extensive extensional regime that produced voluminous calc-alkaline to alkaline, even ultrapotassic magmatism, starting from about Late Oligocene [3] .
The Gürkuyu Sb mineralization is located at western part of the Anatolian tectonic belt, in southern part of the İzmir-Ankara zone, and in northern part of the Menderes Massive and part of the Inner West Anatolian of the Aegean Region. The Gürkuyu Sb mineralization is located about 25 km southeast of the Simav (Kütahya-Turkey) and 16 km southwest of the Gediz (Kütahya-Turkey) (Fig. 1 ).
Several mineralizations (İnkaya Cu-Pb-Zn-(Ag), Değirmenciler Sb, Arpaçukuru Fe-Cu, Pınarbaşı FeCu-Pb-Zn mineralizations, etc.) as well as Gürkuyu Sb mineralization occur along the Simav Graben and were formed in association with a tectono-magmatic period [11] [12] [13] [14] [15] [16] [17] [18] .
The present study was carried out to investigate the chemical-physical conditions of the hydrothermal fluids and the mechanism of mineralization by using isotopic data. Furthermore, our new data may provide constrains on origin of the mineralizing fluids and the formation mechanism of the Gürkuyu Sb mineralization by using S and O isotopic data.
GEOLOGICAL SETTINGS

Regional geological setting
In western Turkey, recent research has revealed that the extensional regime has been in place since the Late Oligocene-Early Miocene, following earlier collisional events [19] . However, some researchers suggest that the compressional period lasted until the end of the Middle Miocene events [20] [21] [22] [23] . The extensional tectonic regime caused the development of metamorphic core complexes, fault-controlled NE-and E-W-trending basins and the emplacement of the magmatic rocks in western Turkey [20, [24] [25] [26] [27] [28] [29] . Western Anatolia is a part of the Aegean extensional province (e.g., [30] ). Extension in western Anatolia has been attributed to several tectonic causes. The region contains geological features related to geodynamic processes, such as arc-continent collision (e.g., [31] ), two-stage basin formation and riftmode extension ( [32] ), slab break-off (e.g., [33] ), crustal thickening (e.g., [34] ), orogenic collapse resulting in core complex formation (e.g., [28, [35] [36] [37] ), a retreating subduction zone (e.g., [38] ) and velocity differences between the overriding Aegean and Anatolian plates [39] Fig. 2 ).
In western Turkey, the Pontides and the Anatolide-Tauride Block are separated by an ophiolitic belt, known as the Izmir-Ankara suture zone, thrust southwards onto the Anatolides and Taurides ( [31] ; Fig  2) . After the closure of the N-dipping subduction zone between the Pontides to the NNW and the Anatolide-Tauride platform to the SSE (Late Paleocene to Early Eocene), the İzmir-Ankara suture zone was formed ( [31, 44] ) Granites occur in different tectonic belts in Anatolia, and can be used to understand the geochemical and tectonic evolution of subduction and collision over the past ~ 600 million years. The Late Paleozoic magmatism is an important event in northwest Anatolia [45] .
The Gürkuyu Sb mineralization is located at the boundary between Menderes Massif and Afyon tectonic zone with several NNW-trending active fault zones in NW Turkey (Fig. 2) . The region is within the Anatolides tectonic unit and west of the Kırşehir Block (Fig. 2) . The Anatolides consist of the Tavşanlı zone, the Afyon zone and the Menderes Massif from north to south, respectively. The Tavşanlı zone consists of a volcano-sedimentary sequence affected by high pressure/low temperature (HP/LT) metamorphism, and this blueschist belt rests with a tectonic contact on the Afyon Zone to the south [46] . The Tavşanlı Zone was thrust over the Afyon zone, which consists of shelf-type greenschist facies metasediments of Paleozoic-Mesozoic age affected by low-grade regional metamorphism [46] [47] [48] [49] . The Afyon Zone rests directly on the gneisses of the Menderes Massif [50] . [51] suggested that the Afyon zone of the Anatolides uncomformably overlies the Menderes Massif. [36] suggested that the northsouth shortening of NW Turkey ceased at the end of the Oligocene and was replaced by N-S extension in the Late Miocene. Thus, the extensional regime formed the E-W-extending graben systems in the region ( [52, 53] ; Fig. 1, Fig. 2 ). The Menderes Massif is interpreted as a "metamorphic core complex" formed through the listric faults [51, [54] [55] [56] [57] that constitute the boundary of the graben. The development of magmatic activity in western Anatolia is closely associated with the tectonic evolution of the region (24, 25, 29, 46, 53, (58) (59) (60) . As a result of the N-S compressional tectonic regime, calc-alkaline volcanism closely associated with the granitoids developed in the region.
The Simav Graben, trending WNW-ESE, is located at the study area (Fig. 2) . The region is cut by E-Wtrending faults, which are nearly parallel to the Simav graben fault. The other fault system trends N-S and cuts the former set of faults.
In the region, at the base, Precambrian Menderes Massive Metamorphics (Kalkan formation, Simav metamorphics, Sarıcasu formation, Arıkayası formation) is situated (Fig. 3) . Kalkan formation and Sarıcasu formation cropped out in the study area. The Kalkan formation represented by migmatite and biotite-bearing gneiss (Fig. 3) . The Sarıcasu formation consists of quartz, albite, chlorite and muscovitebearing schists. The Budağan limestone unconformably overlies the metamorphics, starting with a conglomerate level that includes abundant quartz pebbles. These units are tectonically overlain by Upper Cretaceous Dağardı melange. As Miocene sediments (Kızılbük formation) cover to this unit, unconformably. Lower Miocene aged Akdağ volcanite cut these units. Plio-Quaternary Toklargölü formation and actual aluvvium cover to Upper Pliocene Payamtepe volcanites consist of basalts and the other all units, unconformably ([11,13,50] ; Fig. 3 ). 
Local geological setting -Gürkuyu Sb mineralization
The Gürkuyu Sb mineralization is located at west of the Koca hill in east of Gürkuyu village of Gediz (Kütahya-Turkey). Serpentinites of Dağardı melange and crystallized limestones of Budağan limestone were hydrothermally altered by hydrothermal solutions, come from fissures and fractures due to tectonic movement during the thrust of melange and occurred silicified zone. Gürkuyu Sb mineralization suggest that occurred in this silicified zone (Fig. 4, Fig. 5 ).
Traces of ancient mining activities such as adit are observed at Gürkuyu Sb mineralization. This mineralization includes stibnite, pyrite, valentinite/senarmontite, orpiment and realgar. The alteration products are determined as quartz according to the XRD analysis. . Local geological map of the study area (modified after [11, 50] ).
MATERIALS AND METHODS
Geochemistry
Sixteen samples were selected for whole-rock chemical analysis. The ore samples and silisic alteration samples were crushed, quartered, pulverized to 125 mesh and homogenized. Geochemical analysis was carried out to determine the bulk geochemistry of the ore samples in ACME Analytical Laboratories Ltd., Vancouver, Canada. Analyses were carried out by ICP-Emission Spectrometry for major oxides and ICP-Mass Spectrometry for trace and Rare Earth Elements (REE), following the lithium metaborate/tetraborate fusion and dilute nitric digestion. In addition, a separate 0.
Ore petrography
Polished sections were prepared in Geological Engineering Department of Selçuk University and ore petrography laboratory of the General Directorate of Mineral Research and Exploration (MTA, Ankara). Identification and characterization of the mineral assemblages were carried out using a Nikon LV100 Pol microscope equipped with Nikon (12MP) digital camera in Niğde University (Niğde).
Sulfur isotopes
The sulfur isotope analyses were performed on pyrite collected from mineralization in the Environmental Isotope Laboratory at the University of Arizona using an elemental analyzer (Costech) coupled to the mass spectrometer. It's an adaptation (automation) of an old technique of [61] . δ 34 S was measured on SO2 gas in a continuous-flow gas-ratio mass spectrometer (ThermoQuest Finnigan Delta PlusXL). Samples were combusted at 1030 o C with O2 and V2O5 using an elemental analyzer (Costech) coupled to the mass spectrometer. Standardization is based on international standards OGS-1 and NBS123, and several other sulfide materials that have been compared between laboratories. Calibration is linear in the range -10 to +30 per mil. Precision is estimated to be ± 0.15 or better (1s), based on repeated internal standards.
Oxygen isotopes
The oxygen isotope analyses of quartz were performed at the Queen's Facility for Isotope Research, Queen's University, Canada, following the procedure of [62] . Approximately 5 mg of powdered sample were heated, using a conventional resistance furnace, in BrF5 atmosphere at ca. 550 o C overnight to extract oxygen, which was then converted to CO2 by contact with a heated carbon rod. The CO2 was analysed off-line using a Finnigan-Mat 252 isotope ratio mass spectrometer. The raw data were converted to d 18 O relative to V-SMOW by comparison with results from an in-house standard CO2 gas analysed simultaneously. The precision of the d 18 O values are reproducible within ± 0.3 per mil, based on repeated analyses of an in-house standard.
S168
Scanning Electron Microscopy (SEM-EDX)
Morphological and qualitative analyses of the mineralization samples were performed using SEM-EDX. The SEM provided information on the physical properties of minerals, while EDX provided information on their chemistry. SEM-EDX microanalysis and microphotographs were carried out using a ZEISS/EVO LS10 equipped with BRUKER QUANTAX 200 sensor at the Advanced Technology, Research and Application Center of Selçuk University.
X-ray diffraction (XRD)
The compositions of the clay minerals were analyzed by X-ray diffraction (XRD). The XRD analyses were carried out using Rigaku X-ray diffractometer at the XRD laboratories of the General Directorate of Mineral Research and Exploration (MTA, Ankara) and Gebze Technical University (Kocaeli).
RESULTS
Ore petrography, SEM-EDX and X-ray diffraction
The ore microscopic, XRD and SEM-EDX investigations reveal that the ore mineral assemblage in the Gürkuyu Sb mineralization consists of stibnite, pyrite associated with gangue quartz and accompanied by secondary ore minerals, such as senarmontite/valentinite, orpiment and realgar ( Fig. 6-8 ). In Gürkuyu Sb mineralization, the alteration samples characterized by silisic alteration based on XRD analyses are composed mainly of quartz. The quartz observed commonly in silicification is euhedral. In the polished sections, the observed minerals are as follows stibnite and pyrite in the ore samples (Fig. 6-8) .
Stibnite is the most abundant ore mineral and occurs in all polished sections. Fine grained stibnites are generally found at the euhedral. Pyrite is one of the common minerals in the mineralization. The euhedral pyrites have cataclastic structured and spongy textured. Some of the pyrites is observed as framboidal texture (Fig. 7) . 
Geochemistry
Based on mineralogical and petrographical studies, a total of 11 samples (5 samples of mineralization, 6 samples of silisic alteration) were selected for major, trace and rare earth element (REE) analysis. The results of analyses are presented in Table 1 .
Geochemistry of mineralization and silisic alteration
Contents of the major oxide, trace and REE data belonging to 11 samples from Gürkuyu Sb mineralization and silisic alteration are shown in Table 1 . The average composition of the Gürkuyu Sb mineralization was determined to be Sb dominated, according to the geochemical analyses of ore samples collected from the mineralization. In mineralization, average contents of Fe2O3, Sb, Hg, As and Au are 2.15 wt.%, 13359 pm, 1.12 ppm, 1367 ppm and 163.82 ppb, respectively. Geochemical studies indicate that the Gürkuyu Sb mineralization is rich in Sb and As content in GU-3, reaching up to 27710 ppm and 4673 ppm, respectively (Table 1) . In silisic alteration, SiO2 and Sb values are 90.05 wt.% and 111 ppm, respectively. Figure  9 ). The δ 34 S values of stibnite display a narrow range. So, the source of the sulfur during the formation of these minerals can be considered a sign that it has a homogeneous isotopic composition [63] . Therefore, it is consistent with the sulfur in stibnite is derived from the only one phase in Gürkuyu Sb mineralization. (Table 3) . Sulfur and oxygen isotope values are similar to the values for magmatic rocks and to the values for fluids of magmatic origin (Fig.  10) . 
DISCUSSION
The hydrothermal base-metal (Cu-Pb-Zn) veins are located at the northern block of the Simav Graben [68, [70] [71] [72] [73] . These mineralizations occur in the granitoids and gneisses. The Gürkuyu Sb mineralization, located in the gneiss and melange, in the southern block of the Simav Graben.
The Menderes Massif hosts a variety of hydrothermal mineral deposits, including gold, copper, antimony, uranium and mercury. While there is evidence for gold mineralization during crustal shortening, most other deposit types including epithermal gold, detachment gold, mercury, and sandstone-hosted uranium formed during the Miocene to recent crustal extension [74] .
Both the Menderes core complex and the Eastern Rhodopes in Bulgaria exhibit exhumation histories of surprisingly similar duration (approximately 35-45 Ma) and similar evolution of mafic magmatism. Similar mechanisms likely explain these processes in the two regions [75] . The Rhodope Massif, like the Menderes Massif, is characterized by numerous small to moderate-sized polymetallic ore deposits of variable composition and ore type, some of which are grouped into ore districts of global significance [76] [77] [78] .
CONCLUSIONS
The Gürkuyu Sb mineralization is mineralized with stibnite, pyrite, quartz and accompanied by minor amounts of senarmontite/valentinite, orpiment and realgar.
The mineralogy of the mineralization, the dominance of the Sb associations, plus the stable isotopes, indicate that the Gürkuyu mineralization system is a low-temperature hydrothermal mineralization.
Serpentinites and crystallized limestones were hydrothermally altered by hydrothermal solutions, come from fissures and fractures due to tectonic movement during the thrust of melange and occurred silicified zone. Gürkuyu Sb mineralization suggest that occurred in this silicified zone.
The δ 34
S composition of the mineralization indicates a magmatic signature. Narrow sulfur isotope data indicate that the Gürkuyu Sb mineralization derived from a single magmatic hydrothermal system.
Oxygen isotope value obtained on quartz is similar to a magmatic environment. These data suggest the presence of a magmatic-hydrothermal solution.
The field observation, stable isotope data, chemical, macroscopic and microscopic data in Gürkuyu Sb mineralization suggest the presence of a low-temperatured hydrothermal (epithermal) solution.
